The first 1000 days of life is marked by intense metabolic activity and tissue deposition. The increased nutritional needs during this period, and the challenges to meeting them, are often not understood or appreciated. Here, we describe the nutritional needs during the first 1000 days, highlight the challenges to meeting these needs in developing countries, outline intervention strategies, and examine the consumption of small-quantity lipid-based nutrient supplements (SQ-LNS) as a promising strategy. In low-income settings, the challenge to meeting nutritional needs during the first 1000 days is worsened by overreliance on cereal-based diets of low nutrient density and high prevalence of infections and infestations. Dietary diversification is the ideal long-term solution to nutritional deficiencies, but difficulties with obtaining adequate amounts of iron, zinc, and certain vitamins may still remain. Several other interventions are available, but applying them is often fraught with challenges, including cost and contextual factors limiting efficacy. Evidence suggests that SQ-LNS supplementation may help reduce inadequate gestational weight gain and promote fetal and child growth and development in some populations. More research is needed to evaluate the effectiveness of SQ-LNS and other fortified products in different contexts and within integrated programs that address other determinants of maternal and child undernutrition.
Introduction
The first 1000 days in the life of a child is the period from the first day of conception to 2 years of age. Growing evidence shows overwhelmingly that the nutritional status of women and their offspring during this period has major health and developmental consequences, both in the short term and in the long term. Poor nutritional status of women during pregnancy, such as inadequate gestational weight gain, inadequate micronutrient status, and anemia, is associated with increased risk of pregnancy complications 1 and mortality 2 among women. Poor maternal nutritional status during pregnancy is also associated with stillbirth, 3 intrauterine growth restriction, 4 and mortality 5 in early infancy and increased risk of noncommunicable diseases later in adulthood. 6 Children born with intrauterine growth restriction tend to carry their average growth deficit through childhood 7 into adulthood 8 and have reduced cognitive ability 9 and work capacity. 10 The physical, mental, and developmental damage caused by undernutrition during the first 1000 days may last a lifetime and even affect later generations. 11 The first 1000 days is often referred to as a critical "window of opportunity," and the prevention of undernutrition during this period continues to engage the attention of the international community. For women living in low-and middle-income countries, many initiatives, goals, and programs to address undernutrition have been launched, notably the Scaling Up Nutrition Movement 12 and the 1000 days initiative to support nations to strengthen the implementation of existing high-impact, nutritionrelated interventions; the 2012 World Health Assembly Resolution 65.6, 13 which endorsed a set of doi: 10.1111/nyas.13328 six global nutrition targets; 14 the USAID MultiSectoral Nutrition Strategy 2014-2025; 15 the United Nations Sustainable Development Goals; 16 and the recently declared United Nations Decade of Action on Nutrition. 17 During the first 1000 days, it is difficult for women and children to meet their nutrient needs, partly as a result of the increased physiological needs for nutrients, but this is often not well understood or appreciated by nutrition program planners and decision makers. Further, the additional challenges faced by women and children in low-income countries owing to limited access to nutrient-rich foods and high prevalence of infections are often overlooked. Several strategies for meeting the nutrient needs during this period have been described previously, 18, 19 and the search for new ones continues. Recent studies [20] [21] [22] [23] [24] [25] suggest that one such strategy, the use of small-quantity lipid-based supplements (SQ-LNS) to enrich the diets of women and children via fortification of home-prepared foods, is a promising new approach.
Our purpose here is to describe the increased nutrient needs during the first 1000 days, highlight the challenges that populations in developing countries face in meeting these needs, and briefly outline the strategies that may be used to help meet nutrient needs during this period. Within these strategies, we focus on the use of SQ-LNS to provide a large number of essential micro-and macronutrients in a small amount of food and review the evidence to date on the impact of SQ-LNS consumption on several key outcomes, including maternal anthropometric and infant growth and development outcomes.
Nutrient needs of women and infants during the first 1000 days
A nutrient need or requirement is defined as the lowest continuing intake level of the nutrient that will maintain a defined level of nutriture in an individual. 26 Such defined levels of nutriture include appropriate physiological adaptations, normal growth (infants and young children), maintenance of normal circulating nutrient concentrations, and other aspects of nutritional well-being and general health. 27 The first 1000 days is characterized by increased metabolism, tissue development, rapid fetal growth and milk production in women, and rapid growth in infants and children. Because of the heavy demand imposed by these processes, the nutrient needs of women are higher during the first 1000 days than during the nonpregnant nonlactating period, whereas those of infants and young children, on a per-kilogram body weight basis, are higher during this period than at any other point in the life cycle. The notable increases in nutrient requirements for women and infants during the first 1000 days are described below. Table 1 shows the percentage increases in the recommended dietary allowances (RDAs) for energy and 18 other nutrients for pregnancy and lactation (first 6 months of lactation) compared with those for the nonpregnant/nonlactating woman. In both pregnancy and lactation, the percentage increases in energy needs are relatively small. However, in pregnancy, the increases for six nutrients, namely protein (54%), vitamin B 6 (46%), folate (50%), iodine (47%), iron (50%), and zinc (38%), exceed the RDA for the nonpregnant nonlactating woman by more than one-third. In lactation, the increases for eight nutrients, namely protein (54%), vitamins A (86%), C (60%), and B 6 (54%), riboflavin (45%), copper (44%), iodine (93%), and zinc (50%), exceed the RDA for nonpregnant nonlactating women by more than one-third, whereas for iron there is a 50% reduction (because of the assumption that lactating women are generally not menstruating during the first 6 months postpartum). In a systematic review of results of studies conducted in low-income countries, 28 pregnant women more commonly had inadequate nutrient intakes (because of their increased requirements) than nonpregnant nonlactating women. With such increases in nutrient needs, failure of women to consume foods rich in nutrients during the first 1000 days easily results in nutritional deficiencies. Table 2 shows the relative energy and nutrient needs of infants and young children during the first 1000 days. As an illustration, we first calculated the daily average energy requirement 29 and RDAs or adequate intakes (AIs) (where RDAs are not available) of 18 nutrients 26,27,30-33 on per-kg body weight basis for an adult male aged 20 years and male infants (6 and 12 months of age) and young children (24 months of age). The weight of the adult male (70 kg) is equivalent to the median weight of males with the corresponding age in the U.S. National Center for Health Statistics reference population, 34 whereas that of the male infants (7.9 kg for 6 months of age; 9.6 kg for 12 months of age) and young children (12.2 kg for 24 months of age) is based on the median weights of male children of corresponding ages in the WHO standard population. 35 Next, we calculated the percentage increases in the energy and RDAs or AIs for infants and young children compared with the daily per-kg RDA values for the adult male.
Women

Infants
This illustration shows substantial increases in the requirements for energy (84-87% from 6 to 24 months of age) and nearly all of the 18 vitamins and minerals on per-kg body weight basis during infancy and early childhood compared with adulthood, with the notable exceptions of vitamin B 6 , iron, and magnesium at 6 months of age (due to assumptions about reserves from birth and/or bioavailability from breastmilk) 36 and vitamin C and zinc at 24 months of age. As with women, the inability to meet these high nutrient needs from the usual diet results in nutrient deficiencies.
Challenges to meeting nutrient needs during the first 1000 days
The high nutrient requirements for pregnancy, lactation, infancy, and early childhood pose a major challenge to meeting the nutrient needs of women and children during the first 1000 days. 37 For women in developing country settings in particular, further challenges are often imposed by several other factors, including reliance on poor-quality diet low in nutrient density; 37 high content of phytates and polyphenols in the diet, which limit nutrient absorption even when the nutrients in the diet are adequate; high infections and infestations 37, 38 that impair nutrient absorption, thus negatively affecting nutritional status; food avoidance that restricts the consumption of important food items; 39 and nausea and vomiting caused by pregnancy, which reduce nutrient intakes. 40 These factors could account for most of the oft-observed inadequate nutrient intakes among pregnant and lactating women in low-income settings. [41] [42] [43] [44] [45] Most of the challenges listed above are also relevant for infants and children during the period of complementary feeding from 6 to 24 months of age. Additional challenges for infants and young children include poor infant and young child feeding (IYCF) practices often linked to poverty, lack of adequate knowledge, or practical difficulties with adhering to international recommendations (e.g., during emergencies); the relatively small gastric capacity of infants and children, which limits how much they can consume at a meal; and low meal frequency. 46 Given these challenges, every effort must be made to ensure that the usual diets for women and children during the first 1000 days (and beyond) meet the nutrient requirements. In situations where nutrient gaps exist, low-cost interventions to supplement usual diets can help these target groups meet their needs.
Strategies for meeting the nutritional needs of women and children during the first 1000 days
Several nutrition-specific and nutrition-sensitive interventions that can help women and children meet their nutrient needs during the first 1000 days were well described in the Lancet series on maternal and child nutrition. 18, 19 We therefore only briefly outline these interventions herein. For both women and children, the nutrition-specific interventions are dietary diversification, including the consumption of animal-source foods (i.e., incorporating more locally available, nutrient-dense food groups into the diet); nutrient supplementation (e.g., iron plus folic acid 47, 48 and balanced energy protein supplementation for women, 49 highdose vitamin A supplementation and provision of multiple micronutrients, etc.); biofortification; 50 and commercial fortification 51 of staple foods. In addition, several household strategies for complementary food preparation, such as soaking or fermentation of maize, addition of small dried fish, and addition of vitamin A-rich vegetables, 52 can help meet requirements in some settings.
Similarly, the nutrition-sensitive interventions 53 include increased production and affordability of nutrient-dense foods, particularly animal-source foods; cash transfers and in-kind household food distributions to increase access to a high-quality diet among resource-poor households; water, sanitation, and hygiene interventions, including improved water quality, community-led total sanitation, and hand washing with soap along with deworming; and improved health care to help prevent and/or treat diarrhea and other diseases that reduce the absorption and/or utilization of nutrients and impair appetite.
For nutrition-specific strategies, effectiveness may be context specific, 54 whereas the application of nutrition-sensitive interventions is fraught with challenges. In Bangladesh, Mozambique, and the Philippines, 55 the adequacy of micronutrient intakes among lactating women increased as the women consumed more food groups, and, in Madagascar, 56 the consumption of food from more food groups was associated with a diet of higher quality among children 6-23 months of age. These results suggest that, during the first 1000 days, women and children in low-income settings who rely predominantly on starchy staples can increase the likelihood of improving the adequacy of their micronutrient intakes by consuming more food groups in a diversified diet. One challenge is that consuming more food groups often increases cost, and therefore attempts should be made to enable dietary diversification to be affordable, especially for low-income populations. An analysis of complementary food diets using linear programming techniques based on foods typically consumed by infants in Bangladesh, Ethiopia, and Vietnam 57 showed that, in each of these countries, it is also a challenge to meet nutrient needs (particularly of infants 6-8 months of age) for iron and zinc, even when using a high-quality, five-food group local complementary food diet without any fortification. In Ghana, 58 among infants fed either a cereal-legume blend (Weanimix), a fermented maize porridge plus fish powder, Weanimix plus fish powder, or Weanimix plus vitamins and minerals from 6 to 12 months of age, only the Weanimix plus vitamins and minerals resulted in improved iron stores and vitamin A status.
Well-designed studies are needed to build the evidence on the impact of nutrition-sensitive interventions on nutritional status during the first 1000 days. The potential of these interventions to complement the efforts at addressing nutritional needs during this critical period is strong, but more examples of successful projects are needed.
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Use of small-quantity lipid-based nutrient supplements: a promising new strategy for meeting nutrient needs during the first 1000 days
Recent evidence suggests that the use of SQ-LNS for home fortification warrants consideration for inclusion in the menu of interventions for addressing nutrient needs during first 1000 days in developing countries. Lipid-based nutrient supplements (LNS) are typically made from vegetable oil, powdered milk, groundnut paste, sugar, and multiple micronutrients. 59 SQ-LNS is currently defined as an LNS used for preventing malnutrition and promoting growth and development-with a typical daily ration of about 20 g, providing around 110 kcal/day-that is intended to complement the nutritional content of the local diet, particularly with vitamins and minerals, as well as essential fatty acids, 60 and leave enough room for other foods in the diet. 61 This section describes the composition of SQ-LNS and reviews the evidence to date on the impact of SQ-LNS consumption on key maternal and infant outcomes.
Two formulations of SQ-LNS, one designed for pregnant and lactating women (LNS-P&L) and one for infants and young children (LNS-I&C), were developed by the International Lipid-based Nutrient Supplements (iLiNS) Project. 59 Table 3 shows the dietary reference intakes for pregnancy, lactation, and infancy along with the nutrient content of the LNS-P&L and LNS-I&C supplements. Modeled on the International Multiple Micronutrient Preparation, which was developed by the UNICEF/WHO/United Nations University, 62 and a similar product used in Guinea Bissau, 63 the LNS-P&L 22, 25, 64 provides approximately one RDA of four vitamins (A, D, folic acid, and pantothenic acid) and one mineral (manganese), and two RDAs of seven vitamins (C, B 1 , B 2 , B 3 , B 6 , B 12 , and E) and three minerals (zinc, copper, and selenium). Vitamin K and iodine were based on current WHO recommendations, while iron was kept at 20 mg/day, a level the iLiNS Project researchers considered adequate for both pregnancy and lactation. The LNS-I&C 21, 24 provides approximately the RDAs or AIs for 19 vitamins and minerals for infants 7-12 months of age, while iron was kept at 55% of the RDA because of concerns about increasing the risk of malaria, and zinc was >100% of RDA owing to the possibility of low zinc absorption because, in Ghana and Malawi, the supplement was usually mixed with maize-based complementary foods high in phytate. The amounts of phosphorous, potassium, and magnesium in LNS-P&L and LNS-I&C and of calcium in LNS-P&L are the maximum that could be included owing to technical constraints. The use of SQ-LNS has certain advantages: it delivers a wide range of nutrients, including those (e.g., essential fatty acids) not commonly included in multiple micronutrient supplements; it may enhance the taste and acceptability of cereal porridges commonly consumed in developing countries; and it does not adversely affect IYCF practices. 65 
Impact of SQ-LNS consumption during the first 1000 days on maternal anthropometric and infant growth and development outcomes
Several trials conducted since the mid-2000s provide evidence on the impact of SQ-LNS in improving nutrition of women and infants during the first 1000 days. In one of the first studies done in Ghana, 20 6-month-old infants were randomized to receive either a micronutrient powder (MNP), a crushable micronutrient tablet, or SQ-LNS until they were 12 months old. In the Lungwena study in Malawi, 66 6-month-old infants were randomized to receive a fortified corn-soy blend, a medium-quantity (50 g/day) lipid-based nutrient supplement, or SQ-LNS until they were 18 months of age. In Haiti, 67 6-to 11-month-old infants were randomized to receive no SQ-LNS (control), SQ-LNS for 3 months, or SQ-LNS for 6 months; all three groups received the integrated package of services, including vaccinations, vitamin A supplementation, growth monitoring, referrals for rehabilitation of severe acute malnutrition, reproductive health services (for mothers), and minimal nutrition education (for mothers).
The iLiNS Project conducted four randomized controlled trials. In the iLiNS-DYAD trials in Ghana 21, 22 and Malawi, 23, 64 pregnant women with gestation ࣘ20 weeks were randomized into three groups to receive either 60 mg iron plus 400 g folic acid/day (IFA), 18 micronutrients (MMN), or 20 g/day SQ-LNS with 22 micronutrients (LNS) during pregnancy, followed by placebo (200 mg Ca/day), MMN, or SQ-LNS, respectively, for the first 6 months postpartum. The infants born to women in the LNS group received SQ-LNS designed for infants from 6 to 18 months of age, but infants in the other two groups received no supplementation. In the iLiNS-DOSE trial, also in Malawi, 68 infants were randomized to receive 10, 20, or 40 g milk powder-containing SQ-LNS/day; 20 or 40 g milk-free LNS/day; or no supplement from 6 to 18 months of age, while in the iLiNS-ZINC trial in Burkina Faso, 24 infants were randomized to receive either no intervention or an intervention consisting of SQ-LNS without zinc plus placebo tablet, SQ-LNS containing 5-mg zinc plus placebo tablet, SQ-LNS containing 10-mg zinc plus placebo tablet, or SQ-LNS without zinc and 5-mg zinc tablet from 9-18 months of age, and all children in the intervention groups received weekly morbidity surveillance and treatment for diarrhea and malaria. In the Rang-Din Nutrition Study (RDNS), an effectiveness trial in Bangladesh, 25 pregnant women with gestation ࣘ20 weeks were randomized according to the following scheme: (1) SQ-LNS for women during pregnancy and the first 6 months postpartum and SQ-LNS for their infants from 6 to 24 months of age; (2) 60 mg iron plus 400 mg folic acid (IFA) for women during pregnancy and the first 3 months postpartum and SQ-LNS for their infants from 6 to 24 months of age; (3) IFA for women daily during pregnancy and the first 3 months postpartum, and MNP containing 15 micronutrients for their infants from 6 to 24 months of age; and (4) IFA for women during pregnancy and the first 3 months postpartum and no supplementation for infants from 6 to 24 months (control). Finally, in a pre-post intervention study in Peru, 69 infants 6 months of age were fed SQ-LNS until they were 11 months old.
The section below reviews the impact of SQ-LNS supplementation on maternal anthropometric and infant growth and development outcomes, for which considerable data have been published. These results provide evidence for why supplementation with SQ-LNS might be a useful strategy for meeting nutrient needs during the first 1000 days.
Impact on maternal anthropometric outcomes
Published results on the impact of maternal SQ-LNS consumption on maternal anthropometric outcomes are available from the iLiNS-DYAD trial in Ghana 70 and the RDNS in Bangladesh. 71 In both studies, groups did not differ significantly in gestational weight gain per week, but, in Ghana, 70 SQ-LNS supplementation was associated with lower prevalence of inadequate gestational weight gain, according to the Institute of Medicine's guidelines, when comparing with multiple micronutrient supplementation, and did not affect the risk of becoming overweight or obese by 6 months postpartum compared with the other 2 groups.
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Impact on infant growth and development
Infant growth
Three of the trials on SQ-LNS 22, 25, 64 evaluated the impact of maternal SQ-LNS consumption on fetal growth. 61 In Ghana, 22 consumption of SQ-LNS during pregnancy increased birth weight when compared with iron plus folic acid consumption in the full sample of women, and, among primiparous women, it increased birth weight, length, and head circumference when compared with supplementation with iron plus folic acid or multiple micronutrients. No significant impact of SQ-LNS on fetal growth was observed in Malawi. 64 In Bangladesh, 25 infants whose mothers consumed SQ-LNS, compared with iron plus folic acid, had significantly greater mean birth weight, length, and head circumference and reduced prevalence of newborn stunting. With regard to growth status after birth, all of the studies so far conducted on SQ-LNS assessed growth outcomes when children were 11-24 months of age. 61 By 12 months of age, Ghanaian infants who consumed SQ-LNS from 6 to 12 months of age had greater mean length-for-age and weight-for-age Z-scores, compared with infants in the MNP and crushable micronutrient tablet groups combined. 20 From 6 to 18 months of age, Malawian infants who consumed SQ-LNS did not differ in mean weight or length gain compared with those who consumed a corn-soy blend, but they had a significantly lower incidence of severe stunting. 66 Among infants 6-11 months of age in Haiti, 67 those who received SQ-LNS for 6 months (but not for only 3 months) had greater mean length-for-age Z-scores compared with the control group.
In the iLiNS-DYAD trials, there was no impact of SQ-LNS supplementation on child growth in Malawi, 23 but, in Ghana, 21 children in the LNS group (in which SQ-LNS was provided to mothers during pregnancy until 6 months postpartum and to children from 6 to 18 months) had greater attained weight and length by 18 months of age than children in the two control groups. Infants who received the different amounts of milk-containing SQ-LNS, milk-free SQ-LNS, or no supplementation in the iLiNS-DOSE trial in Malawi 68 did not differ significantly in growth outcomes by 18 months of age, but, in the iLiNS-ZINC trial in Burkina Faso, 24 infants who received SQ-LNS supplementation and morbidity surveillance had greater weight and height, and reduced prevalence of stunting and wasting irrespective of the amount of zinc consumed, compared with those who received no intervention. At 24 months of age, children in the RDNS trial in Bangladesh 72 who received SQ-LNS and whose mothers also received SQ-LNS had significantly higher length-for-age Z-scores and head circumference compared with children who received MNP and whose mothers received iron plus folic acid, and children who received no supplementation and whose mothers received iron plus folic acid (control), respectively.
In the pre-post intervention comparison in Peru, 69 mean length-for-age Z-scores of infants significantly decreased from 6 to 11 months of age (no significant changes in Z-scores for weight for age and weight for length), but the absence of an independent control group makes the assessment of the actual impact of the SQ-LNS intervention difficult.
Infant development
Six of the trials carried out on SQ-LNS reported on infant development. 61, 73 SQ-LNS supplementation of infant diet did not have any impact on motor milestone acquisition in Haiti 67 or mean locomotor score in the Lungwena study in Malawi. 74 However, in the iLiNS-DYAD trial in Malawi, 75 infants in the SQ-LNS group were able to stand with assistance significantly earlier than infants in the maternal multiple micronutrients group and walk independently significantly earlier than infants in the maternal iron plus folic acid group. SQ-LNS supplementation (mother plus infant or infant alone) was associated with a greater percentage of infants being able to walk independently by 12 months of age (an earlier study in Ghana, 20 when comparing with no intervention; the iLiNS-DYAD trial in Ghana, 76 when comparing with the maternal iron plus folic acid group), or a trend for a greater percentage of children being able to walk independently by 12 months of age (in the iLiNS-DYAD trial in Malawi 75 when comparing with maternal iron plus folic or multiple micronutrients). SQ-LNS supplementation had no impact on motor development at 18 months of age in the iLiNS-DYAD trials in Ghana 76 or Malawi, 75 but, in the iLiNS-ZINC trial in Burkina Faso, 77 children who received SQ-LNS supplementation along with morbidity surveillance and treatment for diarrhea and malaria had significantly greater mean motor development scores (indicating higher performance) than children who received no intervention. A positive impact of maternal plus child SQ-LNS supplementation or child-only SQ-LNS supplementation on motor development at 18 months of age was also observed in Bangladesh. 73 The impact of SQ-LNS supplementation on other child developmental outcomes has been reported in five studies. 61, 73 In the Lungwena study in Malawi, 74 no significant differences were observed in personal and social, hearing and language, eye-hand coordination, or performance development between children who received SQ-LNS versus a corn-soy blend.
In the iLiNS-DYAD trials in Ghana 76 and Malawi, 75 no significant differences in language, socioemotional, or executive function were observed between groups at 18 months of age, but, in the iLiNS-ZINC trial in Burkina Faso, 77 higher mean scores for language and personal-social development (indicating higher performance) were observed for children who received SQ-LNS supplementation plus morbidity surveillance and treatment for diarrhea and malaria compared with those who received no intervention. In Bangladesh, 73 there was a positive effect of maternal plus child SQ-LNS supplementation or child-only SQ-LNS supplementation on language scores at 18-24 months of age, but no impact on personal-social or executive function scores.
Further research on SQ-LNS
The evidence to date from these nine studies suggests that SQ-LNS consumed during the first 1000 days may be beneficial for reducing inadequate gestational weight gain and for promoting fetal and child growth and development in some populations, though not all. Many questions remain. 61 For example, further investigation is needed to understand why SQ-LNS has an impact on child growth in some settings (e.g., Ghana, Burkina Faso, and Bangladesh) but not in others (e.g., Malawi 23, 64, 68 ). One possibility is that the growth response to nutritional interventions is constrained by certain contextual factors, such as frequent infections. More research is needed to test the efficacy and effectiveness of fortified products, such as SQ-LNS, in various settings and contexts, particularly when used as part of an integrated program that addresses other factors that influence child growth and development.
Summary and conclusions
The period from conception to 2 years after delivery, now referred to commonly as the "first 1000 days," is a period of great vulnerability for both the mother and child. The period is marked by increased metabolic demands, rapid growth and development, and major tissue deposition. As a result, nutrient needs relative to body weight are highest during the first 1000 days, and failure to meet these high needs has serious adverse consequences both in the short and long term, including impaired development and increased risk of mortality.
Yet, meeting nutrient needs during the first 1000 is challenging, partly because the needs are very high, and partly because of dietary factors, such as poor habitual diet, and underlying factors, such as high rates of infections and poor health care. Thus, interventions that address the nutrient needs directly as well as indirectly through components that include agriculture, education, women's empowerment, and water, sanitation and hygiene should be integrated within existing services to maximize impact. Additionally, use of SQ-LNS to enrich home prepared foods is one promising strategy for delivering not just micronutrients but also essential fatty acids during the first 1000 days. More research is needed exploring the effectiveness of SQ-LNS and other fortified products when used as part of an integrated program to improve nutrient intakes during the first 1000 days in different contexts.
